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StagingAbstract Aim of work: To evaluate the accuracy of multidetector computed tomography
(MDCT) in staging of Wilms’ tumor.
Patients and methods: This prospective study was performed on 32 children (age range 4–8 years),
having renal mass lesion, were studied with multidetector computed tomography (MDCT). Axial
and multiplanar imaging were evaluated. All tumors were staged according to NWTS-4 classiﬁca-
tion. MDCT diagnosis was compared with surgical and pathohistological data.
Results: All the cases were staged according to the fourth trial of the National Wilms’ tumor Stud-
ies (NWTS-4). The 32 cases were found to have 36 tumors (4 cases were bilateral masses), 4 tumors
were diagnosed as stage I, 9 tumors were diagnosed as stage II, 7 tumors as stage III, 8 tumors stage
IV and 8 tumors were stage V.
Conclusion: In conclusion, MDCT represents a reliable diagnostic method for evaluating Wilms’
tumor and it is accurate and sensitive in diagnosing stages I, IV and V, but is not as accurate in
the diagnosis of stages II and III and has poor correlation with histopathological data.
 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.1. Introduction
Wilms’ tumor is the secondmost common intra-abdominal can-
cer of childhood and the ﬁfth most common pediatric malig-
nancy overall. It represents approximately six percent of all
pediatric cancers (1). Since the introduction of MDCT in late
1990, it has won popularity in preoperative imaging of Wilms’
tumor for its high spatial resolution, high speed of acquisition
and imaging reformatting in any plans which can provide excel-
lent anatomical detail (2). Wilms’ tumor is often very large at
Table 1 The criteria of Wilms tumors in MD.
Criteria of Wilms tumor No. % X2 p Value
Site
Right kidney only 16 50 2.632 0.048
Left kidney only 12 37.5
Both kidneys 4 12.5
Borders
Well deﬁned 27 75 3.699 0.020
Ill-deﬁned 9 25
Density
Heterogeneous 27 75 3.699 0.016
Homogenous 9 25
Heterogeneous moderate enhancement 36 100
Fig. 1 (a) Axial CT scan in the pre-contrast phase of the abdomen revealing large soft tissue mass ﬁlling most of the abdominal cavity to
the right side displacing the intestine to the left side. (b) Arterial phase revealing mild degree of enhancement with multiple enhancing
arteries inside the mass is seen conﬁned to the intact renal capsule. (c) Coronal reformatted image of the whole abdomen in the arterial
phase with showing the same mass and displacing the abdominal contents with residual renal tissue superior to the mass. (d) Axial CT scan
of the abdomen in the venous phase showing increase enhancement in the mass with mild degree of hydronephrosis in the right kidney,
while (e) coronal images in the delayed phase showing washout of the contrast from the mass. Stage I right sided Wilms’ tumor.
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Fig. 2 (a) Axial CT scan in the pre-contrast phase of the abdomen revealing large soft tissue mass ﬁlling most of the abdominal cavity to
the right side while (b) axial image in arterial phase revealing cystic degeneration of the mass with mild degree of enhancement of the solid
components. (c) Venous phase; showing accumulation of the contrast in the mass and (d) coronal image in venous phase while (e) MIP
image coronal orientation in the delayed phase with normal excretory function of the left kidney and washout of the contrast from the
mass. Stage II right sided Wilms’ tumor.
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ings but hypertension may be present in 25% of cases (3). De-
tailed preoperative imaging and exact renal tumor staging are
important for planning the surgical approach and strategy,
and for providing accurate prognostic information for the pa-
tient (4). Wilms’ tumor is usually staged by using the method
suggested in the National Wilms Tumor Studies (NWTS-4) in
which tumor is classiﬁed into V stages (5), stage I in which the
tumor is conﬁned to the kidney with intact renal capsule, stage
II in which the tumor extends beyond the kidney but completely
excised, the tumor extends to the renal capsule or renal sinus, the
renal vascular pedicle may contain tumor. Stage III residualtumor conﬁned to the abdomen and without hematogenous
spread, stage IV hematogenousmetastasis involving the lung, li-
ver, bone, and brain -or lymph node metastasis outside the
abdominopelvic region, stage V bilateral renal tumor involve-
ment (5). Intravascular extension of Wilms’ tumor reported to
occur in 4% of patients on NWTS, has been associated with
an increased incidence of surgical complications (6).Multidetec-
tor computed tomography (MDCT) with isotropic resolution
allows excellent anatomical detail, including vascular anatomy.
Several groups have reported that MDCT is highly accurate for
predicting the tumor thrombus level in patients with Wilms’ tu-
mor (7).
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2.1. Patients
This prospective study was conducted according to the guide-
lines of the ethics committee of our university and was ap-
proved by our institutional review board, all children’s
parents gave us written informed consent to be imaged in
our study.
During a 12-month period, 32 children ranging in age be-
tween 4 and 8 years, were studied with multidetector computed
tomography (MDCT) 64-detector (Brilliance TM,
V2.6.2.2.21004, PHILIPS, The Netherlands). All patients were
included in the study on the basis of having undergone sono-
graphic examinations, that showed a renal mass lesion.Fig. 3 (a) Axial CT scan in the pre-contrast phase of the abdomen
phase; showing the large central necrosis of the mass while (c) the sam
component. (d) Coronal image in the delayed phase showing the mass
Stage I left sided Wilms’ tumor.
Table 2 The classiﬁcation of cases according to NWTS-4 classiﬁca
Stage No. % MDCT criteria
I 4 11.11 Tumor conﬁned w
II 9 25 Tumor outside th
soft tissues or ext
III 7 19.44 Residual tumor in
patients with nod
IV 8 22.22 Hematogenous m
V 8 22.22 Bilateral renal inv
Total 36 100
X2 3.629
p 0.042In the thirty-two cases, the most common presenting symp-
tom was palpable loin mass in 17/32 cases (53.12%). The other
symptoms were hypertension in 10/32 cases (31.25%), hematu-
ria in 3/32 cases (9.3%) and 2 cases (6.2%) had incidental renal
masses discovered during work up for other symptoms not re-
lated to the genitourinary tract.
2.2. Technique
Multiphasic CT study using 64 multidetector CT scanner was
performed for all patients before the operation by maximum
3 weeks. Unenhanced and enhanced scans were performed
using the following parameters: collimation, 4 · 2.5 mm; slice
thickness 1–2 mm; reconstruction interval, 5 mm; table feed,
12 mm/rotation; 130 mAs; and 120 kVp. Patients wererevealing soft tissue mass arising from the left kidney. (b) Arterial
e central necrosis with accumulation of the contrast in the solid
in the lower pole of the left kidney with washout of the contrast.
tion.
ithin the capsule
e conﬁnes of the capsule (either by direct invasion of the perirenal
rarenal vasculature or by spillage)
the abdomen with no hematogenous metastasis. This includes
al metastasis and peritoneal implants
etastasis
olvement at the time of diagnosis
Fig. 4 (a) Axial CT scan in the pre-contrast phase of the abdomen revealing soft tissue mass ﬁlls most of the left side of the abdomen. (b)
Arterial phase showing the cystic degeneration of the mass with mild degree of enhancement of the solid component with residual part of
the left kidney with extension of the mass in the abdominal cavity outside the renal capsule. (d) Axial image, (e) coronal image and (f)
sagittal image in venous phase showed extension of the mass to the renal sinus of the kidney. (g) Axial image in the delayed phase. Stage
III left sided Wilms’ tumor.
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given in a dose of 1 ml/0.5 kg body weight with imaging at
65–70 s after the injection to allow the renal vein and IVC to
opacify using automatic injector at a ﬂow rate 2 ml/s. All
patients underwent scanning in the supine position. Contrast
enhanced CT scans of the chest, abdomen and pelvis wereperformed during the nephrographic phase 6–8 s delay
after i.v. contrast injection (with same parameters of the
unenhanced scan). Axial and multiplanar images (sagittal
and coronal) were evaluated by 2 radiologists of 10 years
experience. 3D maps using volume rendering and maximum
intensity projection techniques were used to optimize image
580 N.M. AbdelMaboud Ibrahim et al.analysis. All tumors were staged according to the fourth trial
of the National Wilms’ Tumor Studies (NWTS-4).
2.3. Image evaluation
Tumor staging included the following parameters: the pres-
ence, location, size, borders, density and pattern of enhance-
ment of all lesions. Perinephric involvement, renal vein and
IVC involvement, regional lymph node involvement, and dis-
tant metastasis.
2.4. Statistical analysis
All radiographic ﬁndings were compared with operative and
pathological data. Statistical analysis was performed using
SPSS software package version 16.0 (statistical package for so-
cial science TM) and p< 0.05 was considered to be statisti-
cally signiﬁcant.
3. Results
All the thirty-six tumors were identiﬁed with MDCT with an
overall accuracy of 100%. Assessment of MDCT images re-
vealed 16/32 cases (50%) were right sided tumors only, 12/32
cases (37.5%) left sided tumor, and 4/32 cases (12.5%) both
kidneys were involved. Twenty-ﬁve tumors (27/36) showed
heterogeneous density due to the presence of fat, hemorrhage
and cystic degeneration, on the unenhanced scan and 9/36 tu-
mors showed homogenous hypodensity. All tumors showed
heterogeneous enhancement to a lesser degree than the renal
parenchyma (Table 1).
The thirty-six tumors were staged according to the
NWTS-4 and compared with the histopathological data, 4 tu-
mors (4/36, 11.11%) were conﬁned to the renal capsule and
diagnosed as stage I (Figs. 1 and 3). In 9/36 tumors (25%),
the tumor inﬁltrate the perirenal fat and were classiﬁed as
stage II (Fig. 2). 7/36 tumors (19.44%) were staged as stage
III. 8/36 tumors (22.22%) showed lung and liver metastasis
and was classiﬁed as stage IV. 8/36 tumors were classiﬁed
as stage V (Table 2). By histopathological examination,
6/36 tumors (16.66%) were staged as stage I, 7/36 tumors
(19.44%) stage II, 7/36 tumors (19.44%) stage III (Fig. 4),
8/36 tumors (22.22%) stage IV, and 8 tumors, bilateral affec-
tion in 4 cases (22.22%) stage V. The comparison between
MDCT and histopathological data has been tabulated in
Table 3.Table 3 Comparison between MDCT and histopathological
data.
Stages MDCT Histopathological
No. % No. %
I 4 11.11 6 16.66
II 9 25 7 19.44
III 7 19.44 7 19.44
IV 8 22.22 8 22.22
V 8 22.22 8 22.22
X2 1.635
p 0.0694. Discussion
Wilms’ tumor is the second most common intra-abdominal
cancer of childhood and the ﬁfth most common pediatric
malignancy overall (1). In our study most of our cases were
presented by palpable loin mass in 17/32 cases (53.12%). The
other symptoms were hypertension in 10/32 cases (31.25%),
hematuria in 3/32 cases (9.3%) and 2 cases (6.2%) had inciden-
tal renal masses discovered during work up for other symp-
toms not related to the genitourinary tract. This was in
agreement with Lowe et al. (3) and Padovan et al. (7).
At CT, Wilms’ tumor typically appears as a large, spherical
intrarenal mass that enhances to a lesser degree than the
remaining normal renal parenchyma. Areas of heterogeneous
attenuation can be present secondary to hemorrhage, calciﬁca-
tion, or fat (7). In our study, 16/32 cases (50%) have right
sided tumors, 12/32 cases (37.5%) left sided tumor, and 4/32
cases (12.5%) have bilateral renal masses. Twenty-ﬁve tumors
(25/36) (69.44%) showed heterogeneous density due to the
presence of fat, hemorrhage and cystic degeneration, on the
unenhanced scan and 7/36 tumors (19.4%) showed homoge-
nous hypodensity. All tumors showed heterogeneous enhance-
ment to a lesser degree than the renal parenchyma.
Staging of Wilms’ tumor is the most important factor
affecting the prognosis and survival of patients (2). However
the ability of CT to stage tumors accurately has been ques-
tioned by some (8). In our study, we tried to determine the
accuracy of MDCT in staging of Wilms’ tumor in comparison
with post operative histopathological study. MDCT staged 4/
36 (11.11%) tumors as they are conﬁned to the intact renal
capsule so diagnosed as stage I tumor and also conﬁrmed by
postoperative histopathology. Nine tumors/36 were diagnosed
as stage II, as they went beyond the renal capsule to inﬁltrate
the perirenal fat, among these cases, 2 tumors were over staged
as stage II and staged by histological study as stage I as in CT
the masses were too large with false diagnosis of capsule
penetration.
Two other tumors were understaged, in one case the lymph
node was reactive and proved by histopathology, in the other
case the patient was fatty that the peritoneal implant could not
be accurately visualized, these 2 cases were diagnosed by histo-
logical study to be stage III. The last ﬁve of the nine cases were
correctly staged. So we have found that MDCT has difﬁculty
in differentiating between stages I and II as there was difﬁculty
in accurate determination of capsular penetration, this was in
agreement with Gow et al. (8). Also it has difﬁculty in discrim-
inating between stages II and III as the lymph node enlarge-
ment may be reactive, in Gow et al. (8) study they also
found difﬁculty in discriminating between reactive lymph node
and inﬁltrative lymph node.
In our study, CT has diagnosed seven cases as stage III,
among these seven cases, ﬁve cases were correctly staged,
and two cases were overstaged as in one case thickened omen-
tum was estimated as peritoneal implant and in the other case
soft tissue density was estimated as lymph node enlargement.
In Nawaz Khan study (5), he found that, in patients with large
tumoral masses, nodal disease may be difﬁcult to distinguish
from the primary tumor which was in agreement with the pre-
vious studies stating that CT is not accurate in differentiating
between stages II and III. However MDCT is accurate in the
diagnosis of stages IV and V as the other eight cases of stage
The accuracy of MDCT for staging of Wilms’ tumor 581IV and eight cases of stage V were correctly staged by CT
which was in agreement with Nawaz Khan study (5).
5. Conclusion
In conclusion, MDCT represents a reliable diagnostic method
for evaluating Wilms’ tumor and it is accurate and sensitive in
diagnosing stages I, IV and V, but is not as accurate in the
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